ABSTRACT
INTRODUCTION
Childlessness among married couples in India is on the rise. It has been raised by 50 percent from 1981 to 2001 among Indian couples [1] and is also a rising issue among the newly married couples due to being infertile of either one or both of wife or husband. Infertility has become common major issue these days and about 15 per cent couples are suffering from infertility in India [2] . In the last five years, infertility rates in India have been raised to 20-30 percent as per the researcher's data [3, 4] . It has been known that studies related to infertility have been neglected in the past few decades instead more emphasis was placed on controlling the unwanted fertility. Infertility rate increases with increasing levels of educational attainment among women [5] . This can be related to the fact that with aspirations for attaining the higher educational level, marriage is delayed as a result of which in confirmation with aforementioned causation factors like higher age at marriage, urban living style etc. The prevalence of infertility is being widespread and reach to such a proportion that it has become as one of the leading public health problem affecting the life of whole society. Infertility, compounded by pregnancy wastage, infant and child mortality, may lead to depopulation. This poses a serious threat to the social and economic development [6] . It imposes a profound and social stress especially among women which in turn evoke the feelings of denial, anger, grief and guilt.
Infertility affects a relatively large number of couples in their reproductive lives at some point in their reproductive lives both globally as well as in India [7] . It has become a source of concern in India very lately. According to a 2013 World Bank estimate, the drop in fertility started about 10 years ago in India, with a steady 17 percent decline from the year 2000, doctors told The Times of India and it is believed that 10 percent of the general population suffers from some form of infertility [8] . It is also found that there are many factors of causing infertility in women and the ethologist of infertility varies from region to region and from one population to another. The study on [9] has shown us that the prevalence of infertility is highest in the southern region of India and lowest in the northern region. According to the IIPS study, Tamil Nadu fared the worst among Indian states with almost 11 per cent of married women being childless and Haryana the best with only 2.52 percent childlessness compared to the national average of 6.3 percent. Chennai, Hyderabad and Chandel district in Manipur could be considered the 'infertility hubs' with one in five women being childless. In [10] , the researcher shows in their study shows that West Bengal and Bihar top the list of childless women with 14.1 and 12.4 percent respectively as compared to the national average of 8.2 percent while Meghalaya has the lowest figure of 2.3 percent.
Infertility problems among women in Manipur have become a widespread issue now, which cause mental stress and financial burdens in the family. The study on [11, 12, 13] discussed that there are various factors influencing fertility in Manipur. Age at marriage and age at first conception are two direct factors that influence women fertility. It also reveals that biological and social factors like age at menarche, age at marriage, age at first conception, women's education have an inverse relationship with a number of conceptions and live births whereas education of husband and type of family are inversely proportional with live birth only [14, 15, 16] . There is a relationship between the fertility pattern with education and occupation is studied in [17] . In this study, with regards to fertility performance, the highest number of ever born live birth is observed among the Nepalese and lowest among the Meiteis. There are many women from Manipur moves for infertility treatment outside the state like the cities of Guwahati, Kolkata, Mumbai and Delhi etc. According to the record, it is found that 60% of infertility women from the north-eastern region of India in a particular hospital of Guwahati excluding Assam are from Manipur, which is an alarming call to the Manipur society [18] . There could be many thousands of Manipuri women suffering from infertility problems other than those gone for infertility treatment outside the state. Besides these, many women are also moving to Delhi, Kolkata, Mumbai, etc. to seek medical help for infertility treatments whereas some are undergoing treatment in Manipur itself.
Infertility is defined as the inability of a couple to conceive following 12-24 months of regular unprotected sexual intercourse. The problem of infertility has not given its due attention in India because it is not a life-threatening condition. Infertility is a life crisis with invisible losses and its consequences are manifold [19] . It remains an ongoing global challenge, particularly for women living in low-resource settings. It is important for the global reproductive health community to engage in three forms of 21st-century activism: (i) address the preventable causes of infertility; (ii) provide supports and alternatives for the infertile, especially in resource-poor settings where parenthood is socially mandatory and (iii) make common cause with the growing LCIVF movement, which seeks reproductive justice for those living with infertility around the globe [20] . Married couples generally wanted to start a family happily right after the marriage and don't even imagine that they will be facing any difficulties while conceiving. Worldwide prevalence of infertility varies between 8-12% among reproductive-aged couples [21] . In countries like India and other developing countries where the problem of population explosion remains at the top, issues of infertility also simultaneously grabbing the countries' population. In [22] , it is discussed that there are emotional and psychological consequences of infertility among infertile women in the society and they are seeking treatment.
With an alarming size of the population affected by infertility issues and to avoid the fate of childless couples, the main concern in the present study is to design and development of a rulebased inferencing system for infertility diagnosis in women providing the causes of infertility and control measures of the particular problem of infertility which is identified. The proposed study unites the experimental knowledge with the instinctive reasoning skills of a multitude of specialists to aid the infertile women in making the best decision to overcome their problems. The system background starts with the collection of different causes of infertility from infertility specialists and literature related to infertility in women in the Manipur state. Then the acquired knowledge is represented to develop the rule-based inferencing system using JESS. We have implemented here the user interface component using Java, the knowledge base of the system using the Java Expert System Shell (JESS) and the Java IDE of Netbeans 7.0 while the database component is implemented using SQL. The proposed framework can be used as guidelines for infertility diagnosis for women to assists the physicians with their daily practices and women who had infertility problems.
The present study is organised into five headings. The first heading relates to the introduction and objectives of the research problem. It gives a clear picture of the alarming size of the population affected by infertility issues in women in the context of global, national and particularly in Manipur. It also relates to the main concern of the study which is to design and development of a rule-based inferencing system for infertility diagnosis in women using JESS providing the causes of infertility and control measures of the particular problem of infertility which is identified. The second heading is concerned with the application of the expert system in the field of medical diagnosis with some examples of medical diagnosis expert system. The third heading is organised into the development of knowledge base development using JESS with the steps of problem definition, knowledge acquisition, and knowledge representation. The fourth heading focuses on the architectural framework and different components of the rule-based inferencing system for infertility treatment in women. It describes the different components namely User Interface, Explanation Facility, Knowledge Base, Working Memory and Database component of the system. The last and fifth heading summarizes the research contribution by highlighting the conclusion of the research work, and also includes the discussions on future research directions.
RULE-BASED INFERENCING SYSTEM IN MEDICAL DIAGNOSIS
Rule-based inferencing system is one of the most common applications of Artificial Intelligence. It is a computer program normally composed of a knowledge base, working memory, inference engine and user interface. The application areas of such a system are rapidly increasing and medical diagnosis is also one of the major application areas. The proposed system is for the infertile women to early identify and diagnose the related symptoms that may contribute to infertility which became an important factor of childlessness because infertility has severe consequences for women's wellbeing particularly. In Indian culture, women typically gain prestige and security in their husband's homes only after they have given a birth child. Many domain-specific expert systems are being used in medical diagnosis in different levels. Some of the examples of expert system applications in medical diagnosis are described below.
MYCIN was the first and prototypical example of a large family of expert systems that were developed in the 80's of the 20 th Century. MYCIN is a system that gives advice about treatment of infectious diseases. It uses rules to reason in a backward manner: starting with a goal to derive the identity of the organism causing the disease, it constructs a chain of rules that ultimately prove that the hypothesis using observations made by the user. "Relational Model Based MultiDisease Diagnosis Expert System," is a biomedical expert system to help the users in the diagnosis of common human disease and the diagnosis is based on patient's symptoms [23] . The system is implemented using Oracle & Java technology, and presently encompasses 31 different symptom categories and total 166 symptoms under them. Another expert system "Rule-Based Expert System for Diagnosis of Neuromuscular Disorders," is a system implemented as a rulebased expert system using JESS for the diagnosis of Cerebral Palsy, Multiple Sclerosis, Muscular Dystrophy and Parkinson's disease [24] . It can aid and support the patients suffering from neuromuscular diseases to get an idea of their disease and possible treatment for the disease. "An Expert System Framework for Infertility in Women using Web Based Application," is an application of the expert system in the domain of infertility diagnosis of women [25] . The proposed framework intended to enhance the existing tools used to identify and diagnose infertility problems. Their system can be used as a guideline to develop a web-based expert system for infertility diagnosis. There is another system "Expert system for diagnosis of women's menstrual cycle using natural family planning method," which contributes the algorithm and userfriendly software for fertility diagnosis [26] . This paper presented the algorithms for the expert system supporting the women fertility diagnosis and evaluation of pregnancy achievement. Another system has proposed that "Infertility Expert System Architecture for Early Diagnosis," which is taken up to overcome the problem of infertility in women [27] . The main objective of the study is to develop an architectural framework of infertility expert system for early diagnosis of infertility in men and women. This will help a couple to get an early information and guidance regarding their infertility problem. "An Adoptive Medical Diagnosis System Using Expert System with Applications," is also proposed which is very helpful for the patients that infected with common diseases [28] . This system will give a prescription as a medical expert and also this system is very helpful for rural areas where we have the young medical expert or don't have the medical expert. "A Multilevel Expert System in Medicine," is a system for the diagnosis, prognosis, and monitoring in medicine [29] . These problems are solved with procedural programming and logical programming CLIPS language. This double approach allowed a comparison between different methods of implementing an expert system. A review paper on "Medical Expert System -A Comprehensive Review" represents a comprehensive study of medical expert systems used for diagnosis of various diseases [30] .
KNOWLEDGE BASE DEVELOPMENT OF THE SYSTEM
The idea behind the development of such a rule-based inferencing for infertility diagnosis in women is that it can be used as the medical diagnosis for infertility in women and enable to benefit from the knowledge of infertility experts. Knowledge base development is the most important part in the development of this system because the system depends on its knowledge base. Knowledge base development in this proposed rule-based inferencing system is taken care with Java Expert System Shell (JESS) and the Java IDE of Netbeans 7.0. Knowledge base development here in the proposed system is divided into two major modules namely the diagnosis module and remedies module. These two modules have different tasks. For diagnosis module, it will perform the diagnosis task by prompt questions and then provide diagnose result to the user.
Here the diagnosis module has again two sub-modules, which are sign and symptoms sub-module and results sub-module.
The sign and symptoms sub-module require the user to answer several questions for the system to present a diagnosed result. The orders of the questions in the system are based on its importance and priority. Simple questions are formed to ease the user in answering the questions and not to be hesitated or confused. Meanwhile, the result sub-module is presented when the system found a conclusion based on the answers given. The remedies module presented brief prescription and recommendation of possible solutions and treatments towards the infertility problem in women. In the process of knowledge base development using JESS, the following steps are recommended and the comprehensive description of each of them is presented in the following.
PROBLEM DEFINITION
The first thing we have to do in the development of knowledge base is to define the problem and understand the major characteristics of the problem that we have to solve by inferencing in the system. The input problem here in the rule-based inferencing of infertility diagnosis in women is regarding the problems which are the reasons of infertile during their married life. Many different health issues can affect woman's ability to get pregnant. Some of the more common problems we are discussing are: Hormonal problems, Endometriosis, Polycystic Ovary Syndrome (PCOS), Tubal Infertility, Damaged Ovaries, Ovulation disorder, Pelvic Inflammatory Disease (PID), Infection, Behavioural Factors, Environmental and Occupational Factors, Other variables that may cause infertility in women etc. The input problem is structured to represent in the form of rules in knowledge base for providing diagnose result and remedies if there is.
KNOWLEDGE ACQUISITION
The rule-based inferencing process involves the elicitation of the expertise knowledge of human expert(s) and the translation of the knowledge thus attained into a machine-executable form. Knowledge acquisition is classically referred to as the bottleneck in the development of inferencing system because the resulting system depends on the quality of the underlying representation of expert knowledge. This is the process to extract the structured and organised knowledge from various sources of human experts and is also consider as the process of adding new knowledge and to change which was anonymously acquired to the knowledge base. It is mainly used in the system development. The purpose of knowledge acquisition is to elaborate the capability of the system to improve the specific task of the performance consisting of facts, rules, concepts, procedures, heuristics, formulas, relationships or other useful information. Knowledge is acquired for this study from the experts in the field of infertility diagnosis which includes Reproductive Endocrinologist or Urologist, or in some cases Obstetrician/Gynaecologist that have expertise and knowledge about infertility problems and its treatments. The acquired knowledge is analyzed and then processed to obtain the best conclusion for the problem. Once the knowledge about infertility in women is acquired from different domain experts and resources, the acquired knowledge is then processed for converting in the form of rules for representing the knowledge in the knowledge base. Thus knowledge acquisition process in the proposed system is carried out until the best conclusion is obtained.
KNOWLEDGE REPRESENTATION
Knowledge representation is to capture knowledge by the knowledge engineer and is the faithful representation of what the expert knows. The success of a rule-based inferencing system depends on choosing the knowledge representation scheme. There are several techniques of knowledge representation such as First-order logic, semantic networks, Frame-based and Production rules etc. Different knowledge representation formatting have emerged and drive towards efficient knowledge representation has also led to the development of knowledge representation languages like PROLOG, CLIPS, JESS etc. Knowledge acquired from domain experts and related literature of infertility diagnosis is represented in the form of rules using Java Expert System Shell (JESS) and it is the last phase of knowledge base development. JESS is a rule base language for specifying expert systems which can be tightly coupled to code written in the powerful, portable Java language. JESS is architecturally a production system executing a rule-based program and is a scripting language written entirely in Sun Microsystems's Java language. JESS is, therefore, a declarative language.
In this system, the sign and symptoms of a particular problem of the infertility are presented with a list of questions which the user has to answer yes or no. With the help of the questions, the sign, and symptoms of the particular problem of infertility are acquired. The knowledge base is then searched for matching the sign and symptoms of the infertility problem stored in the working memory with those already represented in the knowledge base by using the backward chaining of the Rete Algorithm. Once the system finds the appropriate match, the diagnose result is shown to the user along with the recommendation of possible solutions and treatments towards the infertility problem.
An example of how the knowledge is represented in the knowledge base about Ovulation Disorder problem of infertility using JESS is given below.
(defrule Ovulation-Disorder (declare (auto-focus TRUE)) (answer (ovulation infrequent) (text yes)) (answer (ovulation absent) (text yes)) (answer (period oligomenorrhea) (text yes)) (answer (period amenorrhea) (text yes)) (answer (hormone imbalance) (text yes)) => (printout t "The infertility problem in the woman is Ovulation Disorder" crlf)
Again we have represented Polycystic Ovary Syndrome (PCOS) in the knowledge base as shown in the following.
(defrule Polycystic-Ovary-Syndrome (declare (auto-focus TRUE)) (answer (is obesity) (text yes)) (answer (elevate insulin-level) (text yes)) (answer (is resistance-insulin) (text yes)) (answer (is oily-skin) (text yes)) (answer (is dandruff) (text yes)) (answer (is skin-discoloration) (text yes)) (answer (high cholesterol-level) (text yes)) (answer (growth excess-hair-on-the-body) (text yes)) => (printout t "The infertility problem in the woman is Polycystic-Ovary-Syndrome(PCOS)" crlf)
Thus we have represented the acquired knowledge of infertility in women in the knowledge base using Java Expert System Shell (JESS) in the above form.
ARCHITECTURAL FRAMEWORK OF RULE-BASED INFERENCING SYSTEM
To design the rule-based inferencing system for infertility diagnosis in women, initially, we have to identify and understand the problem properly. To understand the functions of the system, it is very necessary to look the architecture of the system and to examine the different components that contribute to present the expert's knowledge in such a system as shown in the figure 1, which mainly highlights the important components of the system such as: User Interface, Knowledge Base, Working Memory, Inference Engine and Databases. The architecture will be slightly different for every problem domains. This architecture will describe the most common components required for the system for infertility diagnosis in women. The components are discussed separately below:
USER INTERFACE
It is one of the basic components of our system which is responsible for the communication mechanism where the user can easily query and get recommendation/response from it. The design of user-friendly interface in our system is very necessary so that people can communicate with the system in natural ways. In addition to being highly interactive, it also provides a transparency of dialogue, whereby some form of an explanation facility indicates the inference process that is being used. The User Interface component in this rule-based inferencing system for infertility diagnosis in women is implemented using Java. 
EXPLANATION FACILITY
It explains the user about the reasoning process of the system. By keeping the track of the rules that are fired, the explanation facility of this system gives a chain of reasoning for a particular problem of infertility in women that led to a certain conclusion. So we called the explanation facility in this system sometimes a justifier. This feature makes a huge difference from other conventional systems. We have implemented here the explanation facility with the help of JESS trace based explanation which is explaining the inferencing on a specific data set. With the help of this, the user or decision maker can understand how the system arrives at certain conclusion or result through the user interface provided by the inference engine. What we get the recommendation or related answer must be related to facts and rules of infertility in women.
KNOWLEDGE BASE
Knowledge base component holds the problem-solving knowledge of expert(s). It consists of specific knowledge and general knowledge. Specific knowledge is those correspond to the data that has been acquired and it is usually stored in a structured way. The knowledge could be presented in the form of rules and sub-rules. We can think of general knowledge as the intentional part of the knowledge base. Knowledge base, here, is the collection of rules which is converted from specific knowledge related to the causes of infertility in women. All the knowledge elicited from domain expert(s) is transformed in the form of rules in proper and efficient manner. Since the knowledge is continually changing and expanding it is considered to be very important that the knowledge base is clearly structured and can easily be modified if required to do so. Building an effective knowledge base requires timely planning, accounting, and organisation of knowledge structure. The key to the knowledge base is how the elicited knowledge is represented. The knowledge acquired from the expert(s) has to be represented formally. Thus knowledge representation deals with the structuring of the information, manipulation of the information and knowledge acquisition. The knowledge base component of the proposed system is structured in this way by using the Java Expert System Shell (JESS) along with the Java IDE of NetBeans 7.0.
WORKING MEMORY
Working memory is used to store the collection of all the facts related to the problem domain of infertility in women which will later be used by the rules in the knowledge base. It contains all the pieces of information of infertility in women in which the system is working with. It can hold both the premises and conclusions of the rules in the knowledge base. It is used by the inference engine to get facts and match them against the rules in the knowledge base. Typically, the rule engine maintains one or more indexes, similar to those used in relational databases, to make searching the working memory a fast operation. The facts may be added to the working memory again by applying some rules.
INFERENCE ENGINE
Whatever the result provided by the expert system must be decided by the inference engine. This part of the system can be considered as the Brain of the system like CPU acts in a computer. It makes the system able to conclude or decide the most appropriate result which we used the term inference in this context. To implement the inference engine in this system for infertility diagnosis in women, we have used the Java Expert System Shell (JESS) and Java IDE of Netbeans 7.0. The rules in the knowledge base which is represented in the JESS file is called in the Netbeans environment along with the facts in the working memory. Then by using the Rete Algorithm, the inference engine is matching the sign and symptoms facts in the working memory with those represented rules of infertility diagnosis in the knowledge base. When the JESS rules are executed in Java, JESS library files are also to be loaded into the class path of Java. In JESS, there are two JAR files present namely JESS.jar and jsr94.jar. These two jar files should be included in order to execute a Java file which has JESS commands embedded in it. Instances of JESS rule engine will be created in Java code and can then be reused. JESS rule engine is having special API to execute rules.
For creating an instance of JESS rule engine, engine = new Rete(); engine.reset(); engine.batch("infertility.clp");
Here, "engine = new Rete();" is an instance of Rete engine by which JESS is embedded with Java and engine.batch("infertility.clp"); is to load the diagnosis rules of infertility of women. After implementing the JESS in Java, the sign and symptoms facts in the form of data are loaded into the working memory which is shown in the following. Database = aDatabase; engine.addAll(database.getSymptoms()); After completing the above process, the run command is given and then all the rules matching the facts will be fired.
engine.resetToMark(marker); engine.run(); Here, engine.resetToMarker(marker); is to remove all the previous facts/data and engine.run(); is to fire the rules that apply to the given facts/data.
In this way, the inference engine of the system is working and process user's choice and makes a suitable decision.
DATABASE
The database component of the system is used to integrate the knowledge base and working memory components of the system with the database management system. There are two approaches to integrating expert systems and databases -weak and strong coupling. We have used the strong coupling of integrating the proposed system and database which allows one to multiple reads and modify the content of the database. We have stored the rules in the knowledge base and facts in the working memory of the system in the database using SQL. The main reason for integrating the knowledge base and working memory with the database management system is constantly increasing the size of the information to be managed by the system.
CONCLUSION
This paper presents the architecture, design, and development of a rule-based inferencing of infertility diagnosis in women which is used to diagnose the common infertility problems in women in Manipur. The system is a rule-based system and the rules are contained in the knowledge base of the system implemented using Java Expert System Shell (JESS). It offers the solution to how a particular problem of infertility in women can be handled by a reasoning approach based on its knowledge base and is easy to be accessed by the users of the system. Manipur is facing the shortage of medical experts in the field of infertility treatment. Due to the shortage of medical expert in the field of infertility, there are getting a huge queue of patients in hospitals and private clinics. So, the "Rule-based Inferencing of Infertility Diagnosis in Women using JESS" can be a substitute of the above problem. This is very useful to diagnose infertility problem of the patient and prescribe the good prescription to them as a human infertility expert. From the above study, it is concluded that this "Rule-based Inferencing of Infertility Diagnosis in Women using JESS" can be applied anytime, anyplace, any hospital to provide the medical prescription for infertility treatment. The paper shows the essence of such a rule-based inferencing system for solving infertility problem in women. This enables the user to diagnose their own infertility problem without referring to infertility experts. There are future scopes for this rule-based inferencing for infertility diagnosis. It will be implemented for the diagnosis of infertility in men. It will also be implemented for the causes of infertility among women of different communities in Manipur because the menarche, menopause and the reproductive span among women of the different communities in Manipur are different.
